ABC model | comparative gene expression | evo-devo | gigantism | parasitic plants I t has been long recognized that parasitism elicits fundamental changes to an organism's body plan (1, 2) . Similarly, extreme changes in body size can result in dramatic morphological modifications, which in some cases rise to the level of what we term "novelty'" (3) (4) (5) . Either of these circumstances can pose challenges to understanding structural homology. One lineage that exhibits both complications is the holoparasitic plant family Rafflesiaceae, which produces the world's largest flowers. Despite their fame, however, the developmental basis of these giants has remained a mystery for nearly two centuries (6, 7) . Their floral structure, in particular, is highly modified with respect to most angiosperms, so much so that confusion over their flowers has resulted in Rafflesiaceae-centric terminology to evade statements of homology. This uncertainty has obscured our understanding of their evolutionary origin, which until recently has been unknown (8) (9) (10) .
Most members of the family possess a large, bowl-shaped floral chamber [sometimes referred to as a chamber blossom by pollination biologists (11, 12) ]. The floor and walls of this chamber are formed by a perianth tube and the roof is defined by an organ called the diaphragm ( Fig. 1 and Fig. S1 A and C-E). The opening of the diaphragm serves as the entrance for carrion fly pollinators (13, 14) . The chamber is in turn surrounded by a series of attractive sterile organs, termed perianth lobes ( Fig. 1 and Fig. S1 A, C-E, and G-K). The central part of the chamber accommodates the central column, which expands distally to form a disk bearing the reproductive organs ( Fig. 1 and Fig. S1 ). Like their closest relatives, Euphorbiaceae, the flowers of Rafflesiaceae are typically unisexual (9) . In female flowers, a stigmatic belt forms around the underside of the reproductive disk (13) ; in male flowers this is where the stamens are borne.
Each of the three genera of Rafflesiaceae produces flowers that vary on this general theme. Rafflesia and Sapria have a similar floral architecture, but differ in their perianths: Rafflesia has one whorl of five perianth lobes (Fig. 1A) and Sapria has two whorls ( Fig. 1C) , each with five similar lobes. Because of the striking similarity in floral morphology of these two genera, which represent the bulk of species diversity in the family, their floral chambers have been assumed to have originated once in the common ancestor of Rafflesiaceae (15) (Fig. 1) . The exception is the species-poor clade Rhizanthes, which lacks the floral chamber found in most Rafflesiaceae (16) (Fig. 1B) . Rhizanthes has 16 similar perianth lobes and does not form a diaphragm or chamber closure as in Rafflesia and Sapria. The perianth lobes in Rhizanthes also differ considerably in morphology: they are much narrower, have elaborate hairy "pads," and terminate with distinct tail-like appendages ( Fig. 1 and Fig.  S1 G-K). Based on its more nested phylogenetic placement within the family, it has been assumed that the morphology of Rhizanthes is uniquely derived (15) . The unusual floral organs of Significance Rafflesiaceae produce the world's largest flowers, but the developmental nature of their floral organs has remained a mystery. Most members of the family have a large floral chamber, which encloses their reproductive organs. We used comparative studies of development and gene-expression patterns to investigate the homology of their floral organs. Our results demonstrate that the similar floral chambers in two Rafflesiaceae subclades are constructed very differently. Thus, the characteristic features that define the floral chamber in these closely related clades are not homologous. Instead, these data indicate that similar floral chambers represent two distinct derivations of this morphology, which may have contributed to the explosive growth in floral diameter that arose secondarily within one subclade, Rafflesia.
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Rafflesiaceae pose a serious challenge to understanding their homology and, thus, their evolution.
Like so many branches in the Tree of Life, Rafflesiaceae are not amenable to traditional genetic manipulation, even less so than most plants. These holoparasites grow vegetatively inside their hosts and lack obvious leaves, stems, and roots. The plants have never been successfully propagated, and do not occur outside of their host range in the rainforests of Southeast Asia. Under these circumstances, only multiple independent lines of inquiry can be used to understand the floral structure and evolution of these charismatic plants, including comparative structural, developmental, and gene-expression data. In terms of this last source of data, the ABC model of floral development provides a predictive framework for understanding the identities of the floral organs of Rafflesiaceae (17, 18) . The model involves three gene activities: A activity alone specifies sepal identity, A+ B define petals, B+C confer stamen identity, and C determines carpel identity. Although it has been recognized that some aspects of the ABC model do not apply to all angiosperms (19) , the specification of petal, stamen, and carpel identity by B-and C-class genes is generally conserved in core eudicots (20) . In general, great care must be taken when using gene-expression patterns as criteria for establishing homology (21) ; however, when such correlative data are combined with explicit phylogenetic and developmental data, this approach has been shown to provide critical insights into organ homology (e.g., ref. 22) . Along these lines, we cloned homologs of the ABC class genes, which largely belong to the pan-eukaryotic MADS-box (after the four founding members of the family: MCM1, AGAMOUS, DEFICIENS, and SRF) gene family (20) , from Rafflesiaceae and studied their expression in different floral organs. We complemented these analyses with an investigation of floral organ initiation and development in all three genera in the family.
Our analyses surprisingly demonstrate that the otherwise similar floral chambers in Rafflesia and Sapria are constructed very differently. In Rafflesia, the diaphragm is derived from the petal whorl, whereas normal petals are absent. In contrast, in Sapria the diaphragm is derived from elaboration of a unique ring structure located between the perianth and the stamen whorl. This structure is analogous to sterile organs that have been independently derived in other angiosperms, such as the trumpet in daffodils (23) and the corona in passionflowers (24) . The structure is not present in the closest relatives of Rafflesiaceae, and is elaborated to varying degrees in all three genera of Rafflesiaceae. Thus, the structures that define these similar floral chambers are not homologous. In Rhizanthes, which lacks a diaphragm, a derivative of the ring primordium appears to be adnate to the perianth. The development of this organ is more similar to that of Sapria, and is likely a shared symplesiomorphic feature in these two genera. These differences in construction among the three genera refute the simplistic scenario in which the similarities between Sapria and Rafflesia are interpreted as ancestral in the family.
Results
Cloning of MADS-Box Transcription Factors in Rafflesiaceae. We cloned 28 MADS intervening keratin-like and C-terminal (MIKC) MADSbox genes from Rafflesiaceae and 62 MIKC MADS-box genes from representatives of their closest relatives: Peraceae, Euphorbiaceae, and Phyllanthaceae ( Fig. S2A) (9, 10) . We initially confirmed gene orthology using phylogenetic reconstruction from a broad sample of MADS-box genes, followed by more focused taxon-rich analyses within particular MADS-box subfamilies ( Fig.  S2 B-F; see Supporting Information for details). Single copies of the B-class lineages PISTILLATA (PI) and APETALA3 (AP3), and the C/D-class genes AGAMOUS (AG) and SEEDSTICK (STK), were recovered from Rafflesia (RfPI, RfTM6, RfSTK, and RfAG), Rhizanthes (RhPI, RhTM6, RhSTK, and RhAG), and Sapria (SapPI, SapTM6, and SapAG) (Fig. S2A ). Our degenerate cloning approach was successful in recovering members of several other MADS-box subfamilies (e.g., single homologs of SEPAL-LATA1, FRUITFUL, AGL3, AGL15, and SVP in Rafflesiaceae, one copy of AGL24 in Rafflesia, and duplicate copies of AGL24 in Rhizanthes). As additional verification of gene identity, all homologs possessed the expected C-terminal motifs characteristic of their respective gene lineages (Fig. S3 ). We did not detect duplicate copies in the floral identity MADS-box repertoire of Rafflesiaceae, even for representatives of the core eudicot hexaploidization event, such as euAP3 or PLENA (25, 26) . Thus, these paralogs have either been lost from the genome or are expressed at negligibly low levels. However, species-specific duplications were detected in a number of outgroup taxa. We identified recent duplicates or alleles of PI from Clutia and Pera (Peraceae) (Fig. S2B) ; euAP3 is duplicated in Garcia (Euphorbiaceae); and TM6 is present in two copies in Clutia (Peraceae) and Jatropha (Euphorbiaceae) (Fig. S2C) . AG is duplicated in all outgroup taxa, although most of these duplications appear to be species-specific (Fig. S2D ).
Comparative Organ Identity Gene Expression. We sampled all major organs and regions of Rafflesiaceae flowers for expression of organ identity genes (Fig. S4 ). Our initial survey showed that most of the MADS-box homologs we identified are broadly expressed across individual floral organs ( Fig. S5 A-C). Two notable exceptions were Rafflesiaceae PI and AG homologs, which are differentially expressed in different floral organs (Fig.  2) . We therefore focused our analysis on these loci because the Band C-class genes are the most conservative elements of the floral organ identity module in core eudicots (17) . Thus, they have greater predictive power for interpreting floral organ homology.
RfPI is strongly expressed in the diaphragm and stamens with detectable signal seen in the perianth tube ( Fig. 2A) . RfAG expression is restricted to the central column, including the stamens in male flowers and the inferior ovary of female flowers. The expression of Sapria PI is limited to the inner perianth whorl (Fig.  2B) . A signal is also seen in the stamens of male flowers. SapAG exhibits a broad pattern of expression, and is detected in the diaphragm, perianth tube, throughout the central disk, including the stamens of male flowers and the ovary of female flowers. Expression studies in Rhizanthes (Fig. 2C) are complicated by the complex nature of the perianth (see below). RhPI is expressed throughout the perianth lobes, including the tails, and stamens of male flowers. RhAG is broadly expressed throughout the floral organs with the exception of the tails. In addition to the stamens, RhAG expression overlaps with RhPI expression in the proximal portion of the perianth lobes.
We also examined B-and C-class gene expression in the close relative of Rafflesiaceae, Clutia (Peraceae), which bears more typical flowers. Clutia has unisexual flowers with both sepals and petals (Fig. S5D) . In female flowers, the carpels are surrounded by stamen-derived nectaries borne opposite the sepals (27) . We examined expression in dissected sepals, petals, and carpels from several female flowers. As expected, the B-class gene CluPI is expressed only in the petals. CluAP3 and CluTM6 are expressed throughout the flower, with CluTM6 most strongly expressed in the petals. CluAG is expressed in the carpels. Weak expression of CluAG was also detected in the sepals but this is likely a result of cross-contamination with the nectary, which is closely associated with the base of the sepals. Given that the nectaries are likely stamen-derived (27) , they may express C-class genes, but these organs could not be reliably dissected.
Developmental Morphology of Rafflesiaceae. We performed extensive sampling of developmental stages from all three genera of Rafflesiaceae to further understand floral organ identity. In Rafflesia, the five perianth lobes appear sequentially in a spiral (Fig. 3A) . Closely following the appearance of the perianth lobes, but preceding the appearance of the stamens, the diaphragm in Rafflesia arises as a ring that extends toward the center of the apex (Fig. 3 A and B) . The perianth lobes and the diaphragm are raised above the apex by intercalary growth, which forms the perianth tube. Stamens are initiated on the flanks of the broad, convex floral apex (Fig. 3 C and D) . At about the same time, an additional ring structure appears just outside of the stamens, which seems to be derived from the floor of the chamber (Fig. 3 C and D) . Although at an early stage both the stamens and this ring are of comparable size (Fig. S6A) , the ring does not expand much further and becomes comparatively inconspicuous. The ring is present at the base of the disk in advanced floral buds and in open flowers (Fig. S1 A and B) .
In Sapria, the perianth lobes appear nearly simultaneously as two alternating whorls (Fig. 3E) . The perianth lobes of the outer whorl are acute at the apex and broad at the base near the level of attachment (Fig. 3F) . In contrast, lobes of the inner whorl are rounded at the apex and narrower at the base (Fig. 3G) . Although the two whorls differ conspicuously at this early stage, these differences diminish as development proceeds to anthesis (Fig. 1C) . In contrast to Rafflesia, the diaphragm in Sapria appears later in development, at the same time or shortly after the stamens appear, from a ring primordium outside of the stamen whorl (Fig.  3G) . Intercalary growth below the diaphragm lifts the diaphragm together with the two whorls of perianth lobes forming the perianth tube (Fig. 3H) .
The 16 perianth lobes of Rhizanthes appear in two whorls of eight lobes each (Fig. 3I) . The lobes form nearly simultaneously in a circle on the flanks of a broad floral apex and then grow in horizontal direction toward each other (Figs. 3 J and K). Their round tips touch, bend downward, and continue elongating toward the floral apex, which is slightly concave at this stage (Fig.  3K) . The lobes' descending portions, which correspond to the tails, are tightly appressed to each other in bud (Fig. 4C and Fig.  S1J ). At this later stage, the stamen whorl also appears and, concomitantly, a ring structure arises outside the stamen whorl (Fig. 3J) . The ring becomes congenitally fused to, and elongates with, the perianth lobes as they grow (Fig. S6 B-F) , ultimately forming the pads at the base of each perianth lobe (Fig. S1 H-K) . The adnation between the ring and the perianth is discernible histologically (Fig. S6 B-F) .
Additional Floral Morphological Landmarks in Rafflesiaceae. Finally, we made a detailed study of gross morphological landmarks in all three genera of Rafflesiaceae. In Rafflesia, the reproductive column is notable for the presence of alternating longitudinal grooves and ridges that begin at the ring and extend to the base of the disk (Fig. 4A) . The grooves accommodate individual anthers in male flowers but are also present in female flowers, which have a highly reduced stamen whorl. Similar grooves and ridges are found on the inner surface of the perianth tube in Sapria, and here they extend from the undersurface of the diaphragm to the base of the central column ( Fig. 4B and Fig. S1 D and E). Finally, the perianth tube of Rhizanthes exhibits shallow grooves and ridges demarcated by dark striations, from the attachment of the central column to the beginning of the perianth lobes, which similarly alternate with the stamens in male flowers and staminodia in female flowers (Fig. 4C) .
Another peculiar morphological feature in Rafflesia and Sapria is the presence of a series of multicellular, vascularized, branched structures called ramenta. In Rafflesia, the ramenta line the inner surface of the perianth tube and extend from outside the ring at the base of the central column to the undersurface of the diaphragm (Fig. 4A and Fig. S1A ). In contrast, the ramenta in Sapria are restricted to the upper surface of the diaphragm and are absent from the inside of the chamber (Fig. 4B and Fig. S1  C-F) . Ramenta, similar to those observed in Rafflesia and Sapria, are absent in Rhizanthes, which instead exhibits a variety of unicellular trichomes covering the adaxial side of the perianth (Fig. 4C and Fig. S1 G-K Fig. 2. PISTILLATA (PI, B-class) and AGAMOUS (AG, C-class) gene expression in Rafflesiaceae flowers. (A) Rafflesia PI and AG homologs abbreviated RfPI and RfAG. (B) Sapria, SapPI, and SapAG; In, inner perianth lobes; Out, outer perianth lobes. (C) Rhizanthes, RhPI, and RhAG; PrD, -E, and -F are perianth regions indicated in Fig. S6 . Tl, tails. Actin is used as a concentration control. Abbreviations of dissected floral organs are as follows: Br, bracts; Bs, base of the flower; Dia, diaphragm; Dsk, disk; Flr, floor of the floral chamber; Lb, perianth lobes; Ov, ovary; St, stamens; Tb, perianth tube, (see Fig. S4 for the position of these regions). Gene-expression summaries illustrated to the left are shaded as follows: PI expression in yellow, AG expression in dark blue. The overlap of PI and AG in stamens is shown in green and in the proximal lobes of Rhizanthes with blue and yellow hatching.
Discussion
Integrating Molecular, Developmental, and Morphological Data to Elucidate Floral Organ Homologies in Rafflesiaceae. In all three genera of Rafflesiaceae, the reproductive column expresses AG homologs with PI homologs restricted to the stamens. This similarity in expression is consistent with the conserved structure of the column, which is likely homologous across the family. The perianth organs of Rafflesia, Sapria, and Rhizanthes, however, exhibit very distinct patterns of organ identity gene expression, despite their positional similarity. In Rafflesia, the diaphragm and perianth tube express the B-class gene RfPI, whereas in Sapria SapPI is restricted to the inner perianth lobes (Fig. 2) . The broad expression found in other Rafflesiaceae B-class genes, namely the TM6 homologs, is not significant because PI and TM6 proteins typically function as obligate heterodimers (28) . Restricted expression of PI, therefore, limits the breadth of B-class gene function to the diaphragm and perianth tube in Rafflesia and to the inner perianth lobes in Sapria. B-class function specifies petals in model core eudicots (17) and, as expected, CluPI expression is also specific to the petals in the close relative of Rafflesiaceae, Clutia. These observations suggest that the diaphragm in Rafflesia and the inner perianth lobes in Sapria possess petal identity. Gene expression in Rhizanthes more closely resembles Sapria than Rafflesia in that RhAG expression is expanded to include the perianth tube and even portions of the perianth lobes, but not the distal-most region of the lobes that form the tails. Although RhAG expression appears to overlap with that of RhPI in the more proximal pads of the perianth lobes, we hypothesize that this overlap likely reflects RhAG expression in the ring-derived adaxial pads, whereas RhPI is expressed in the abaxial layers of the perianth proper ( Fig. 2 and  Fig. S6D ). This interpretation indicates a likely homology between the ring-derived diaphragm of Sapria and the ring-derived series of pads of Rhizanthes.
Differential gene expression among the genera of Rafflesiaceae, particularly between Sapria and Rafflesia, which look superficially similar, can be explained in two ways. First, they could reflect dramatic shifts in gene expression that are independent of the homology of the structures themselves (21) . This is the case for the sepal-derived and highly modified perianth of Aristolochia, which appears to express B-class genes (29) . Second, they could represent the actual identity, and thus homology, of the organs (30, 31) . To determine which of these two scenarios is more plausible, we examined the initiation and elaboration of the floral organs in Rafflesiaceae. In all three genera, organ initiation is organized into two waves. The perianth organs appear first, including the perianth lobes and diaphragm in Rafflesia and the two whorls of perianth lobes in Sapria and Rhizanthes. Second, we see initiation of the stamens along with an adjacent ring primordium between the perianth and the stamen whorl that does not correspond to any canonical floral whorl. This ring remains a relatively minor feature in Rafflesia. In contrast, in Sapria the ring structure becomes prominent in giving rise to the diaphragm; in Rhizanthes it forms the series of pads on the perianth lobes. The distinct fates and positions of the ring derivatives in Rafflesia versus Sapria/Rhizanthes reflect a combination of differential elaboration of the structures themselves (less in Rafflesia, more in Sapria and Rhizanthes). In Rafflesia, intercalary expansion occurs between the ring and the perianth whorl, whereas in Sapria it occurs between the ring and the base of the column. In Rhizanthes, some intercalary growth also occurs between the ring and the base of the column, but the deep lobing of the perianth makes identification of intercalary growth in this case more difficult to interpret.
These developmental patterns correlate perfectly with our gene-expression data: early arising inner perianth organs (i.e., the diaphragm in Rafflesia and the inner lobes of Sapria) express PI homologs alone but ring-derived structures express AG homologs (the chamber floor in Rafflesia, diaphragm in Sapria, and series of pads of Rhizanthes). Further evidence for this correspondence comes from our assessment of gross morphology: grooves and ridges are always present between the ringderived structures and the base of the reproductive column; in Rafflesia and Sapria ramenta line the region between the ring and the inner perianth organs. The positions of these key floral landmarks-ridges/grooves and ramenta-are most easily explained by the hypothesis that intercalary growth in different regions gave rise to the similar floral chambers in Rafflesia and Sapria. In terms of our identification of the Rafflesia diaphragm as the petal whorl, it is interesting to note that considerable variation in diaphragm morphology is observed in many species of Rafflesia. Some have distinctly lobed diaphragms, and others have reduced diaphragms that form a small shelf at the chamber opening (32) . Elucidating the developmental basis of this variation may shed light on the modification of this floral organ.
All three sources of evidence-gene expression, development, and morphological landmarks-indicate that the diaphragm of Rafflesia is derived from the petal whorl, but the diaphragm of Sapria is derived from the unique ring structure. This conclusion suggests that diaphragm formation is not homologous in Rafflesia and Sapria. It appears that in Rafflesia, the chamber is primarily formed via expansion of the congenitally fused sepal and petal bases, which constitute the perianth tube. In contrast, in Sapria, the sepal and petal whorls develop as free lobes that do not contribute to the formation of the floral chamber, which instead forms by elaboration of the ring structure. The modifications seen in Rhizanthes are more complex and involve fusion of the ring to the perianth as well as deep dissection of this compound structure. Regardless, in all three genera the structures derived from the ring primordium express AG homologs, which is not surprising because they originate in close proximity to the base of the reproductive column. In this sense, the ring of Rafflesia, the diaphragm of Sapria, and the series of pads of Rhizanthes bear parallels to peculiar outgrowths, called coronas, seen in divergent angiosperm clades, including the radial filaments (commonly termed "crown of thorns") in passionflowers (24) and the trumpet of daffodils (23) . In these cases, the coronas are also initiated late in development, after significant elaboration of the other floral organs, and they express AG homologs, despite the fact that they are sterile organs.
Evolution of the Floral Chamber in Rafflesiaceae. Our results refute the simplistic scenario of floral evolution proposed for Rafflesiaceae, in which the floral chamber in Rafflesia and Sapria is thought to represent the ancestral condition within the family, which was then lost in Rhizanthes (15) . Instead, our data suggest that the floral chambers in Rafflesia and Sapria are constructed differently and the involvement of the petal whorl is a Rafflesiaspecific invention. Given the evolutionary and phenotypic distance between Rafflesiaceae and its common ancestor with Euphorbiaceae (∼95 My) (15) and the widely accepted fact that parasitism can lead to drastic changes that confound assessment of homology (2, 8, 33) , outgroup comparisons with Euphorbiaceae are problematic for understanding floral evolution in Rafflesiaceae.
If we instead focus on Rafflesiaceae, one model is that the closed floral chambers characteristic of the family have arisen independently in Rafflesia and Sapria, perhaps because of similar selective pressures imposed by fly pollinators (Fig. S7A) . In this case, the common ancestor of Rafflesiaceae lacked an organized floral chamber and this ancestral condition was retained in Rhizanthes. A similar example has been documented in two related groups, Aristolochia and Hydnora, which have evolved floral chambers with different construction. In Hydnora, the roof of the chamber is formed by the stamens; in Aristolochia it is formed by the perianth (29, 34) . A second model would be that the common ancestor of Rafflesiaceae possessed a floral chamber similar to that in Sapria [i.e., derived from expansion between the ring and the column (Fig. S7B) ]. This floral chamber was then lost along the branch leading to Rhizanthes and remodeled along the branch leading to Rafflesia, such that the diaphragm was derived from the petal whorl. Under the second model there would have been relatively little change in the gross morphology of these floral chambers. Despite this superficial similarity, however, the underlying development of the Rafflesia and Sapria-like floral chambers would have been completely repatterned. Variation in the timing of these changes can also produce a third model (e.g., Fig. S7C ).
This second model might seem unlikely, especially because the fly pollinators that visit these plants appear to be shared between the three Rafflesiaceae genera (13) (14) (15) (16) . However, such changes are not without precedent and have been explained by developmental system drift (35) . This is a process by which characters that are thought to be homologous have diverged in their morphogenetic or gene regulatory underpinnings. For example, developmental system drift underlies the conservation of the segmented body plan in insects, which nonetheless exhibits variability in the underlying mechanisms of segmentation (36, 37) . Detailed investigation of this phenomenon requires functional comparison between two species with the same body plan to understand changes in the underlying molecular machinery (38) , and as such it is not feasible in Rafflesiaceae. Moreover, although such studies may illuminate important mechanistic features of the developmental system, they cannot explain the underlying reasons for such a striking change in development.
So why then has Rafflesia, which contains the largest of all flowers (Rafflesia arnoldii R.Br., 1 m in diameter), undergone such profound developmental repatterning? The developmental genetic mechanisms that permit flower size to increase rapidly remain unknown for this or any other lineage (12) . Interestingly, although the early ancestors of Rafflesiaceae exhibited a dramatic increase in floral size (9), it appears that within the family, rates of floral size evolution were further elevated in Rafflesia (39). One potential explanation for this pattern is that the change we have posited for Rafflesia floral development could have further reduced constraints on floral diameter and permitted its additional burst in gigantism. Several factors, including an earlier shift in the developmental timing of diaphragm initiation, the effective reduction in the perianth lobes, and the architectural remodeling of the chamber itself, could have contributed to the stabilization of these enormous flowers. Support for this hypothesis comes from the occurrence of lobed (imperfectly formed) diaphragms in Rafflesia, which are restricted to species of small size [e.g., Rafflesia lobata Barcelona & Pelser (32) ]. Further investigation within Rafflesia will help to better address this question, but overall, our study highlights the surprising and dynamic nature of morphological evolution among the "greatest prodigy of the vegetable kingdom" (6) . In particular, the study underscores the degree to which seemingly similar morphologies can be fundamentally remodeled among closely related species.
Materials and Methods
Plant Material. Buds of Rafflesia tuan-mudae Becc. and Rafflesia cantleyi Solms-Laubach in different developmental stages were collected in Gunung Puey, Sarawak, and in Ulu Geroh, Peninsular Malaysia, respectively. Sapria himalayana Griffith was collected at Queen Sirikit Botanic Garden, Chiang Mai, Thailand. Rhizanthes lowii (Becc.) Harms was collected near Kampung 
